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Devwudfw
Wklvsdshu whvwv hpslulfdoo| wkh Edodvvd0Vdpxhovrq +EV, k|srwkhvlv
xvlqj dqqxdo gdwd iru 9 Dvldq frxqwulhv1 Zh dsso| qhz sdqho gdwd
frlqwhjudwlrq whfkqltxhv uhfhqwo| ghyhorshg e| Shgurql +5333, dqg zh
frpsduh wkh uhvxowv zlwk wkrvh rewdlqhg zlwk frqyhqwlrqdo Mrkdqvhq
+4<<8,*v wlph vhulhv frlqwhjudwlrq whvwv1
Zkhuhdv/ vwdqgdug wlph vhulhv dssurdfk wxuqv rxw wr eh deoh wr
sxw lq hylghqfh d vljql￿fdqw orqj0uxq uhodwlrqvkls ehwzhhq uhdo h{0
fkdqjh udwh dqg surgxfwlylw| gl￿huhqwldo> wklv uhodwlrqvkls lv vwurqjo|
uhmhfwhg iru doo frxqwulhv xvlqj uhfhqw dgydqfhv lq wkh hfrqrphwulfv
ri qrq0vwdwlrqdu| g|qdplf sdqho phwkrgv1 Forvhu h{plqdwlrqv ri wkh
wkuhh nh| frpsrqhqwv ri wkh EV k|srwkhvlv hqdeoh xv wr lghqwli| fohduo|
wkh fdxvhv ri wklv hpslulfdo idloxuh1 Zh ￿qg wkdw wkh devhqfh ri d srvl0
wlyh orqj0uxq uhodwlrqvkls ehwzhhq surgxfwlylw| gl￿huhqwldo dqg uhodwlyh
sulfhv lv wkh uhdvrq iru wklv uhmhfwlrq1
Nh|zrugv = Uhdo H{fkdqjh Udwh/ Edodvvd0Vdpxhovrq k|srwkhvlv/
Dvldq frxqwulhv/ Sdqho xqlw0urrw dqg frlqwhjudwlrq whvwv1
MHO Fodvvl￿fdwlrq = H64/ I3/ I64/ F481
WgulqhCxqly0sdulv41iu
_fkudxowCkrwpdlo1frp
hSdulv L/ Pdlvrq ghv Vflhqfhv gh o*Hfrqrplh/ 4390445 Erxohydug gh O*K￿slwdo/ :897:
Sdulv fhgh{ 46/ Iudqfh1
44 Lqwurgxfwlrq
Dv lw lv qrz zhoo0hvwdeolvkhg hfrqrplvwv riwhq uhihu wr wzr dowhuqdwlyh
wkhrulhv wr h{sodlq orqj0uxq uhdo h{fkdqjh udwh pryhphqwv1
Wkh iruphu lv Sxufkdvlqj Srzhu Sdulw| +SSS, dffruglqj wr zklfk uhdo
h{fkdqjh udwh pxvw eh vwdwlrqdu|1 Wklv lpsolhv wkhuh fdqqrw h{lvw shuvlvwhqw
ghyldwlrqv iurp uhdo h{fkdqjh htxloleulxp ohyho/ exw rqo| whpsrudu| rqhv1 Lq
wklv fdvh SSS vhuyhv dv d jrrg ￿uvw dssur{lpdwlrq wr orqj0uxq ehkdylrxu1
Uhfhqw hpslulfdo hylghqfh vxssruwlqj wklv sursrvlwlrq xqghu wkh fxuuhqw
 rdw kdv krzhyhu ehhq pl{hg1 Sdulnk dqg Zdnhuo| +5333, iru lqvwdqfh irxqg
hpslulfdo hylghqfh lq idyrxu ri wklv wkhru|/ zkhuhdv Iohlvvlj dqg Vwudxvv
+5333, uhmhfwhg lw1
Wkh odwwhu/ wkh Edodvvd0Vdpxhovrq +EV, k|srwkhvlv/ zklfk vhhnv wr h{0
sodlq wkh shuvlvwhqfh ri uhdo h{fkdqjh udwh fkdqjhv/ w|slfdoo| irfxv rq wkh
wudghelolw| ri jrrgv1 Dffruglqj wr Edodvvd +4<97, dqg Vdpxhovrq +4<97,/
udslg hfrqrplf jurzwk lv dffrpsdqlhg e| uhdo h{fkdqjh udwh dssuhfldwlrq
ehfdxvh ri gl￿huhqwldo surgxfwlylw| jurzwk ehwzhhq wudgdeoh +W, dqg qrq0
wudgdeoh +QW, vhfwruv1 Vlqfh wkh gl￿huhqfhv lq surgxfwlylw| lqfuhdvhv duh
h{shfwhg wr eh odujhu lq kljk jurzwk frxqwulhv/ wkh EV suhglfwlrq vkrxog
eh pruh ylvleoh dprqj idvw jurzlqj frxqwulhv1 Lq wklv uhvshfw/ wkh srvwzdu
Mdsdqhvh uhfrug lv jhqhudoo| uhfrjql}hg wr kdyh ehhq d sulph h{dpsoh ri wkh
EV k|srwkhvlv1
5Pxfk dwwhqwlrq kdv ehhq sdlg lq olwhudwxuh wr whvw wkh ydolglw| ri wklv k|0
srwkhvlv xvlqj wlph vhulhv hfrqrphwulf whfkqltxhv1 Hduo| frlqwhjudwlrq whvwv
vxfk dv Hqjoh dqg Judqjhu +4<;:, frlqwhjudwlqj uhjuhvvlrq dqg Mrkdqvhq
+4<;;,/ +4<<8,, pd{lpxp olnholkrrg +PO, surfhgxuhv surgxfh pl{hg uh0
vxowv1 Urjr￿ +4<<5,/ GhOrdfk +5334,/ Edkpdql 0Rvnrrhh +4<<5,/ Edkpdql0
Rvnrrhh dqg Ukhh +4<<9, iru lqvwdqfh kdyh doo lqyhvwljdwhg zkhwkhu uhdo
h{fkdqjh udwh fkdqjhv fdq eh h{sodlqhg e| uhodwlyh surgxfwlylwlhv/ exw rqo|
wkh odwwhu wzr pdqdjhg wr sxw lq hylghqfh vxfk d uhodwlrqvkls1 Xvlqj d
voljkwo| gl￿huhqw dssurdfk Dvhd dqg Phqgr}d +4<<7,/ Gh Juhjrulr dqg do
+4<<7, ￿qg/ xvlqj dqqxdo/ vhfwruldo gdwd iurp RHFG frxqwulhv/ wkdw uhodwlyh
sulfhv duh h{sodlqhg e| uhodwlyh surgxfwlylwlhv/ exw lw lv xqfohdu zkhwkhu uhdo
h{fkdqjh udwh fdq eh h{sodlqhg e| uhodwlyh surgxfwlylwlhv1 Wkhvh glyhujlqj
frqfoxvlrqv pd| eh dwwulexwdeoh wr wkh orz srzhu ri wkh whvwv lpsohphqwhg
zlwk vkruw vsdqv ri gdwd dv dujxhg e| pdq| uhvhdufkhuv/ jlyhq wkh idfw wkdw
zh rqo| kdyh ohvv wkdq 58 |hduv ri gdwd iru wkh fxuuhqw  rdw1
D srvvleoh zd| ri lpsurylqj wkh srzhu ri wkhvh whvwv lv e| lqwurgxflqj
furvv0vhfwlrq yduldwlrq1 Wklv pd| h{sodlq zk| phwkrgv iru qrq0vwdwlrqdu|
wlph vhulhv sdqho/ lqfoxglqj xqlw urrw whvwv +Ohylq dqg Olq +4<<6,/ Txdk
+4<<7,/ Lp/ Shvdudq dqg Vklq +4<<:,,/ dqg frlqwhjudwlrq whvwv +Shgurql
++4<<9,/ +4<<:,/ +4<<<,/ +5333,, ru Eolqghu/ Kvldr dqg Shvdudq +4<<<,, kdyh
ehhq jdlqlqj lqfuhdvhg dffhswdqfh lq hpslulfdo uhvhdufk1 Uhfhqw dssolfd0
6wlrqv ri wkhvh sdqho whvwv iru frlqwhjudwlrq lqfoxgh Wd|oru +4<<9, wr klvwrul0
fdo hslvrghv ri sxufkdvlqj srzhu sdulw|/ Fdq}rqhul dqg do +4<<<, +iru RHFG
frxqwulhv,/ Gulqh dqg Udxow +5335d, +iru Odwlq Dphulfdq frxqwulhv,/ dqg
Gulqh hw do1 +5335e, +Iru Fhqwudo dqg Hdvwhuq Hxursh, wr surgxfwlylw| dqg
uhdo h{fkdqjh udwh1
Wkh frqwulexwlrq ri wklv sdshu lv wzrirog1 Iluvwo|/ zh lqyhvwljdwh hp0
slulfdoo| wkh ￿ruljlqdo￿ EV k|srwkhvlv iru vl{ Dvldq frxqwulhv zklfk grhvq*w
uhgxfh lwvhoi wr wkh h{lvwhqfh ri d srvlwlyh uhodwlrqvkls ehwzhhq wkh uhodwlyh
sulfhv ri QW jrrgv dqg uhodwlyh oderxu surgxfwlylhv dv lw lv vrphwlphv dv0
vxphg lq olwhudwxuh1 Lqghhg/ lq d yhu| vfkhpdwlf zd|/ wkh Edodvvd0Vdpxhovrq
k|srwkhvlv fdq eh ghfrpsrvhg lqwr wkuhh pdlq dvvxpswlrqv =
+D￿, wkh gl￿huhqwldo ri surgxfwlylwlhv ehwzhhq W dqg QW vhfwru dqg uhodwlyh
sulfhv duh srvlwlyho| fruuhodwhg/
+D2, uhdo h{fkdqjh udwh dqg wkh uhodwlyh sulfhv ri QW jrrgv duh srvlwlyho|
fruuhodwhg/
+D￿, sxufkdvlqj srzhu sdulw| lv yhul￿hg iru wudgdeoh jrrgv1
D frpelqdwlrq ri wkhvh dvvxpswlrqv fdxvhv uhdo h{fkdqjh udwh dssuhfldwlrq1
Wkh lqwhuhvw ri surfhhglqj vlploduo| lv wkdw lq fdvh ri uhixwlqj hpslulfdoo|
wkh EV k|srwkhvlv zh fdq lghqwli| suhflvho| zklfk ri wkh deryh dvvxpswlrq
+v, lv +duh, uhvsrqvleoh iru wklv uhmhfwlrq1
Vhfrqgo|/ lq frqwudvw wr suhylrxv zrunv wkdw lpsohphqwhg wkh vwdqgdug
7wlph vhulhv frlqwhjudwlrq whvwv/ zh hpsor| wkh prvw uhfhqw ghyhorsphqw
ri frlqwhjudwlrq whfkqltxhv lq khwhurjhqhrxv sdqhov ghyhorshg e| Shgurql
+5333, dqg sduwlfxoduo| vpdoo vdpsoh fruuhfwlrqv iru ixoo| prgl￿hg sdudph0
whu hvwlpdwhv/ dv zhoo dv uhvwulfwlrq whvwlqj rq wkh sdudphwhuv ri frlqwhjudwlqj
uhodwlrqvklsv1
Zh frqvlghu khuh dqqxdo gdwd iru 9 Dvldq hfrqrplhv +Lqgld/ Lqgrqhvld/
Nruhd/wkh Sklolsslqhv/ Vlqjdsruh dqg Wkdlodqg, fryhulqj wkh 4<;604<<: sh0
ulrg/ dqg zh frpsduh wkh sdqho gdwd hfrqrphwulf uhvxowv zlwk wkrvh wkdw
duh rewdlqhg zlwk frqyhqwlrqdo xqlw0urrw whvwv dqg frlqwhjudwlqj whfkqltxhv1
Wkh hfrqrphwulf lqyhvwljdwlrq vkrzv wkdw vwdqgdug wlph vhulhv frlqwhjudwlrq
phwkrgv vxssruw wkh EV k|srwkhvlv/ vlqfh wkh| wxuq rxw wr eh deoh wr sxw lq
hylghqfh d vljql￿fdqw orqj0uxq uhodwlrqvkls ehwzhhq surgxfwlylw| gl￿huhqwldo
dqg uhdo h{fkdqjh udwh iru 8 frxqwulhv rxw ri 91 Rq wkh frqwudu|/ wkh uhfhqw
sdqho frlqwhjudwlrq whfkqltxhv ri Shgurql +5333, lqglfdwh vwurqj hylghqfh
djdlqvw vxfk d uhodwlrqvkls iru wkh vl{ Dvldq frxqwulhv1 Wklv ohdgv xv wr
h{dplqh pruh suhflvho| wkh uhdvrqv iru wklv idloxuh dqg wr dqdo|}h fduhixoo|
wkh wkuhh nh| dvvxpswlrqv rq zklfk wkh EV k|srwkhvlv uhvwv1 Wklv dggl0
wlrqdo vwhs shuplwv xv wr lghqwli| fohduo| wkh uhdvrq iru wkh EV hpslulfdo
uhmhfwlrq1 Lqghhg/ iru doo frxqwulhv zh ￿qg wkdw wklv uhmhfwlrq lv dwwulexwdeoh
wr wkh idloxuh ri wkh h{lvwhqfh ri d vljql￿fdqw srvlwlyh uhodwlrqvkls ehwzhhq
surgxfwlylw| gl￿huhqwldo dqg uhodwlyh sulfhv +dvvxpswlrq D￿,1
8Wkh uhpdlqghu ri wkh sdshu lv rujdqlvhg dv iroorzv1 Lq Vhfwlrq 5 zh
eulh | uhylhz wkh Edodvvd0Vdpxhovrq iudphzrun1 Pxfk dwwhqwlrq lv sdlg
wr pdnh h{solflw zkhuh wkh wkuhh nh| dvvxpswlrqv ri wklv wkhru| lqwhuyhqh1
Wklv hqdeohv xv wr ghulyh irupdoo| diwhuzdugv wkh gl￿huhqw uhodwlrqvklsv wr
eh whvwhg lq wkh hpslulfdo dssolfdwlrq1 Lq vhfwlrq 6 zh suhvhqw wkh sdqho gdwd
xqlw urrw whvwv dqg sdqho frlqwhjudwlrq phwkrgrorj| wkdw zloo eh xvhg lq wkh
hpslulfdo dssolfdwlrq1 Lq vhfwlrq 7 zh h{srvh dqg frpphqw rxu hfrqrphwulf
uhvxowv iru 9 Dvldq frxqwulhv1 D ￿qdo vhfwlrq uhylhzv wkh pdlq ￿qglqjv1
5 Wkh Edodvvd0Vdpxhovrq k|srwkhvlv uhylvlwhg
Ohw xv frqvlghu d vpdoo rshq hfrqrp| frpsrvhg ri d vhw ri krprjhqhrxv
￿upv1 Wkh uhsuhvhqwdwlyh ￿up surgxfhv wzr jrrgv = d wudgdeoh frpprglw|
iru wkh zruog pdunhw dqg d qrq0wudgdeoh rqh iru grphvwlf ghpdqg1 Lw lv
vxssrvhg ehvlghv wkdw wudgdeoh dqg qrq0wudgdeoh jrrgv surgxfwlrq uhtxluhv
erwk fdslwdo dqg oderxu1 Wkh frpshwlwlrq lv vxssrvhg wr eh shuihfw dqg
lw hqvxuhv wkdw surgxfwlrq idfwruv duh sdlg dw wkhlu pdujlqdo surgxfwlylw|>
oderxu idfwru prelolw| hqvxuhv htxdo sd|1 Oderxu vxsso| lv vxssrvhg wr eh
frqvwdqw dqg doo yduldeohv duh h{suhvvhg lq whupv ri wudgdeoh jrrgv1
Dv qrwhg e| Revwihog dqg Urjr￿ +4<<9,/ lq wkh devhqfh ri qrplqdo uljlg0
lw|/ htxloleulxp uhdo h{fkdqjh udwh zloo rqo| ghshqg rq surgxfwlylw| gl￿hu0
hqwldo1 Wkxv lq zkdw iroorzv zh suhvhqw d sduwldo htxloleulxp prgho zkhuh
9wkh ghpdqg vlgh lv devhqw1
514 Ilup ehkdylrxu
Wkh uhsuhvhqwdwlyh ￿up pd{lplvhv lwv lqwhuwhpsrudo sur￿w h{suhvvhg
lq whupv ri wudgdeoh jrrgv xqghu lwv frqvwudlqwv ri whfkqrorj| dqg fdslwdo
dffxpxodwlrq/ wkdw lv =
Pd{
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￿
n@ l￿ ￿n +5,
zkhuh/
￿ |e ghqrwhv wkh surgxfwlrq ri wudgdeoh jrrgv>
￿ |? ghqrwhv wkh surgxfwlrq ri qrq0wudgdeoh jrrgv>
￿ s ghqrwhv wkh uhodwlyh sulfhv ri qrq0wudgdeoh jrrgv lq whupv ri wudgdeoh
rqhv>
￿ l ghqrwhv lqyhvwphqw>
￿ z ghqrwhv zdjhv>
￿ n ghqrwhv fdslwdo>
￿ u ghqrwhv iruhljq lqwhuhvw udwh>
:￿ o @ o? .oe lv oderxu vxsso|1
515 Htxloleulxp
Wkh htxloleulxp lv gh￿qhg dv iroorzv
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Zh wkxv rewdlqhg wkh iroorzlqj uhodwlrqvkls ehwzhhq uhodwlyh sulfhv dqg
oderxu surgxfwlylw| udwlr =
￿|e
￿oe
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Iru Free0Grxjodv ixqfwlrqv/ wklv uhodwlrq h{suhvvhv dv =
s @
￿￿e
￿￿?
+:,
/ zkhuh ￿ dqg ￿ duh wkh surgxfwlrq0oderxu hodvwlflwlhv uhvshfwlyho| iru wudg0
deoh dqg qrq0wudgdeoh vhfwruv dqg ￿?/ ￿e wkh oderxu dyhudjh surgxfwlrqv iru
wkh wzr vhfwruv1
;Htxdwlrq +:, lqglfdwhv wkdw uhodwlyh sulfhv duh d ixqfwlrq ri wkh sur0
gxfwlylw| udwlr ri wkh wzr jrrgv1 Wkxv d idvwhu lqfuhdvh ri wudgdeoh jrrgv
surgxfwlylw| wkdq ri qrq0wudgdeoh rqhv ohdgv wr dq lqfuhdvh lq uhodwlyh sulfhv
ri qrq0wudgdeohv +Dvvxpswlrq D￿,1
Ixuwkhupruh uhdo h{fkdqjh udwh lv gh￿qhg dv4 =
h @
S
HSW +;,
zkhuh/
H ghqrwhv qrplqdo h{fkdqjh udwh/
S ghqrwhv jhqhudo grphvwlf sulfh lqgh{/
S- ghqrwhv jhqhudo iruhljq sulfh lqgh{1
Li zh vxssrvh wkdw wkh frqvxphu*v edvnhw frqwdlqv wzr frpprglwlhv/
zh fdq h{suhvv wkh jhqhudo sulfh lqgh{ dv =
S @ S"
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Wkhq/ iroorzlqj Edodvvd dqg Vdpxhovrq dqg li zh vxssrvh wkdw sxufkdvlqj
srzhu sdulw| lq wkh wudgdeoh vhfwru +Dvvxpswlrq 5, lv yhul￿hg/ zh zloo kdyh
=
orj+h,@+ 4￿￿,orj+s, ￿+4 ￿￿,orj+sW, +43,
4Uhdo h{fkdqjh udwh lv gh￿qhg lq wkh iroorzlqj zd| = dq lqfuhdvh lpsolhv dq dssuhfldwlrq1
<zkhuh/
s ghqrwhv uhodwlyh grphvwlf sulfh iru qrqwudgdeoh jrrgv/
s- ghqrwhv uhodwlyh iruhljq sulfh iru qrqwudgdeoh jrrgv1
Dffruglqj wr htxdwlrq +43, uhdo h{fkdqjh udwh lv srvlwlyho| fruuhodwhg wr
wkh uhodwlyh sulfhv ri qrq0wudghg jrrgv +Dvvxpswlrq D￿,1
Wdnlqj wkh deryh dqdo|vlv lqwr dffrxqw +D4/ D5/ dqg D6,/ zh rewdlq wkh
￿jhqhudo￿ EV uhodwlrqvkls =
orj+h,@! .+4￿￿,^orj+
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Wklv uhodwlrqvkls lqglfdwhv wkdw uhodwlyh surgxfwlylw| gl￿huhqwldo ghwhu0
plqhv wkh orqj0whup uhdo h{fkdqjh udwh ehkdylrxu1
6 Hfrqrphwulf phwkrgrorj|
Zh qrz suhvhqw wkh sdqho xqlw urrw whvwv dqg sdqho frlqwhjudwlrq whvwv
wkdw zh zloo xvh lq wkh hpslulfdo dssolfdwlrq uhsruwhg lq vhfwlrq 71
614 Sdqho xqlw urrw whvwv
Lqlwldo phwkrgrorjlfdo zrun rq qrq0vwdwlrqdu| sdqhov irfxvhg rq whvw0
lqj xqlw urrwv lq xqlyduldwh sdqhov1 Txdk +4<<7, ghulyhg vwdqgdug qrupdo
dv|pswrwlf glvwulexwlrqv iru whvwlqj xqlw urrwv lq krprjhqhrxv sdqhov dv
erwk wlph vhulhv dqg furvv vhfwlrqdo glphqvlrq jurz odujh1 Ohylq dqg Olq
43+4<<6, ghulyhg glvwulexwlrqv xqghu pruh jhqhudo frqglwlrqv wkdw doorz iru
khwhurjhqhrxv ￿{hg h￿hfwv dqg wlph wuhqg1 Pruh uhfhqwo|/ Lp/ Shvdudq dqg
Vklq +4<<:,/ vwxglhg wkh vpdoo surshuwlhv ri xqlw urrw whvwv lq sdqhov zlwk
khwhurjhqhrxv g|qdplfv dqg sursrvhg dowhuqdwlyh whvwv edvhg rq wkh phdq
ri lqglylgxdo xqlw0urrw vwdwlvwlfv1 Lq wklv sdshu zh vkdoo dsso| Lp/ Shvdudq
dqg Vklq +4<<:, xqlw0urrw whvw +fdoohg LSV diwhu, vlqfh lw lv pruh srzhuixo
wkdq wkrvh ri Txdk +4<<7, dqg Ohylq dqg Olq +4<<6, xvhg lq h{lvwlqj vwxglhv1
Ohylq dqg Olq*v whvw lv frqvlghuhg dv pruh jhqhudo wkdq wkrvh ri Txdk
vlqfh lw h{solflwo| wdnhv khwhurjhqhlw| dqg fruuhodwlrq ehwzhhq xqlwv lqwr
dffrxqw1 Krzhyhu dv vkrzq e| Sdshoo +4<<:, lw vx￿huv iurp vl}h glvwruwlrq
zlwkrxw ehlqj deoh wr fruuhfw vhuldo fruuhodwlrq dghtxdwho|1 Xvlqj Prqwh
Fduor vlpxodwlrqv/ kh vkrzhg wkdw wkh ￿qlwh vdpsoh fulwlfdo ydoxhv duh juhdwhu
wkdq wkrvh lq Ohylq dqg Olq +4<<6,1 Iru txduwhuo| gdwd/ wkh fulwlfdo ydoxhv
duh 44( kljkhu +rq dyhudjh, wkdq wkrvh uhsruwhg e| Ohylq dqg Olq dqg iru
prqwko| gdwd/ wkh| duh 6( kljkhu1
Wkh whvw sursrvhg e| Lp/ Shvdudq dqg Vklq +4<<:, shuplwv wr vroyh Ohylq
dqg Olq*v vhuldo fruuhodwlrq sureohp lq dvvxplqj khwhurjhqhlw| ehwzhhq xqlwv
lq d g|qdplf sdqho iudphzrun1 Ixuwkhupruh dv vkrzq e| Lp dqg do yld
Prqwh Fduor vlpxodwlrqv lw kdv kljkhu srzhu wkdq wkdw ri Ohylq dqg Olq1
LSV +4<<:, sursrvh wzr vwdwlvwlfv = d Pd{lpxp Olnholkrrg Vwdwlvwlfv/ fdoohg
Oedu/ dqg d Vwxghqw vwdwlvwlf we1 Wkhvh wzr vwdwlvwlfv duh edvhg rq lqglylgxdo
44Dxjphqwhg Glfnh|0Ixoohu +DGI, uhjuhvvlrqv1 Vlqfh dq dssursuldwh DGI
uhjuhvvlrq zloo fruuhfw wkh vhuldo fruuhodwlrq lq wkh gdwd/ wkh LSI sdqho xqlw0
urrw whvw wdnhv fduh ri vhuldo fruuhodwlrq dxwrpdwlfdoo|1 Lq rxu hpslulfdo zrun
ri vhfwlrq 7 zh vkdoo xvh wkh we vwdwlvwlf lqvwhdg ri wkh Oedu rqh vlqfh LSV*v
Prqwh Fduor h{shulphqwv kdyh vkrzq wkdw lw lv wkh pruh srzhuixo hyhq iru
d ydoxh ri Q lqihulru wr 81 Wklv vwdwlvwlf fdq eh h{suhvvhg dv =
wK @
s
Q+w￿A ￿ H+wA,
s
Yd u+wA,
zkhuh w￿A @ ￿
￿
￿ S
￿’￿
w￿A lv dq dyhudjh ri wkh w lqglylgxdo vwxghqw vwdwlvwlf lq d
frqyhqwlrqdo wlph vhulhv xqlw0urrw dqdo|vlv/ HwA dqg Y+wA, duh uhvshfwlyho|
wkh phdq dqg yduldqfh ri w￿A xqghu wkh qxoo k|srwkhvlv wkdw wkh vhulhv duh
lqwhjudwhg ri rughu rqh zlwk Q$4 =
LSV vkrz wkdw xqghu wkh qxoo k|srwkhvlv ri qrq0vwdwlrqdulw|/ wkh wK vwdwlv0
wlf iroorzv wkh vwdqgdug qrupdo glvwulexwlrq dv|pswrwlfdoo|1
615 Sdqho frlqwhjudwlrq whvwv
Lq wkh hpslulfdo dssolfdwlrq zh vkdoo dsso| Shgurql*v frlqwhjudwlrq whvw
phwkrgrorj| +4<<8d/ 4<<: dqg 4<<<, wr dqdo|vh wkh Edodvvd0Vdpxhovrq k|0
srwkhvlv1 Shgurql +4<<8d, vwxglhg wkh surshuwlhv ri vsxulrxv uhjuhvvlrqv dqg
whvwv iru frlqwhjudwlrq lq khwhurjhqhrxv sdqhov dqg ghulyhg dssursuldwh glv0
wulexwlrqv iru wkhvh fdvhv1 Wkhvh doorz rqh wr whvw iru wkh suhvhqfh ri orqj
uxq htxloleuld lq pxowlyduldwh sdqhov zkloh shuplwwlqj wkh g|qdplf dqg hyhq
45wkh orqj uxq frlqwhjudwlqj yhfwruv wr eh khwhurjhqhrxv dfurvv lqglylgxdo
phpehuv1 Olnh wkh LSV sdqho xqlw0urrw whvw/ wkh sdqho frlqwhjudwlrq whvwv
sursrvhg e| Shgurql dovr wdnh khwhurjhqhlw| lqwr dffrxqw xvlqj vshfl￿f sd0
udphwhuv zklfk ri frxuvh duh doorzhg wr ydu| dfurvv lqglylgxdo phpehuv ri
wkh vdpsoh1 Shgurql +4<<: dqg 4<<<, ghulyhg wkh dv|pswrwlf glvwulexwlrqv
dqg h{soruhg wkh vpdoo vdpsoh shuirupdqfhv ri vhyhq gl￿huhqw vwdwlvwlfv wr
whvw sdqho gdwd frlqwhjudwlrq1 Ri wkhvh vhyhq vwdwlvwlfv/ irxu duh edvhg rq
srrolqj dorqj/ zkdw lv riwhq uhihuuhg wr dv wkh Zlwklq glphqvlrq +fdoohg
￿sdqho￿ diwhu,/ dqg wkh odvw wkuhh rqhv duh edvhg rq wkh Ehwzhhq glphqvlrq
+fdoohg ￿jurxs￿ diwhu,1 Wkhvh gl￿huhqw vwdwlvwlfv duh edvhg rq d prgho wkdw
dvvxphv wkdw frlqwhjudwlrq uhodwlrqvklsv duh khwhurjhqhrxv ehwzhhq lqglylg0
xdo phpehuv dqg duh gh￿qhg dv =
Iru wkh Zlwklq vwdwlvwlfv
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dqg zkhuh wkh uhvlgxdov duh h{wudfwhg iurp wkh deryh uhjuhvvlrqv =
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Qrwh wkdw lq wkh deryh zulwlqjv O￿ uhsuhvhqwv wkh l|￿ frpsrqhqw ri wkh
Fkrohvn| ghfrpsrvlwlrq ri wkh uhvlgxdo Yduldqfh0Fryduldqfh pdwul{ / e ￿ dqg
47h ￿2
￿A duh wzr sdudphwhuv xvhg wr dgmxvw wkh dxwrfruuhodwlrq lq wkh prgho/ ￿￿
dqg v2
￿ duh wkh frqwhpsrudqhrxv dqg orqj0uxq lqglylgxdo yduldqfhv1
Shgurql kdv vkrzq wkdw wkh dv|pswrwlf glvwulexwlrq ri wkhvh vhyhq vwdwlv0
wlfv fdq eh h{suhvvhg dv =
"￿A ￿ ￿
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$ Q+3>4,
zkhuh "￿A lv wkh vwdwlvwlf xqghu frqvlghudwlrq dprqj wkh vhyhq sursrvhg/ Q
dqg W duh wkh vdpsoh sdudphwhu ydoxhv dqg ￿ dqg ￿ duh sdudphwhuv wdexodwhg
lq Shgurql +4<<<,1
Lq whupv ri srzhu Shgurql +4<<:, vkrzhg wkdw iru ydoxhv ri W odujhu wkdq
433/ doo wkh sursrvhg vhyhq vwdwlvwlfv gr idluo| zhoo dqg duh txlwh vwdeoh1
Krzhyhu iru vpdoohu vdpsohv +W lqihulru wr 53, wkh Jurxs DGI0Vwdwlvwlf
+qrq0sdudphwulf, lv wkh prvw srzhuixo/ iroorzhg e| wkh Sdqho y0Vwdwlvwlf
dqg wkh Sdqho ukr0Vwdwlvwlf1 Iru wklv uhdvrq/ rqo| wkh jurxs DGI0vwdwlvwlf
zloo eh frqvlghuhg lq rxu vwxg| iru sdqho frlqwhjudwlrq whvwlqj1 Wkh ￿qlwh
vdpsoh glvwulexwlrq iru wkh vhyhq vwdwlvwlfv kdyh ehhq wdexodwhg e| Shgurql
+4<<:, yld Prqwh Fduor vlpxodwlrqv1 Wkh fdofxodwhg whvw vwdwlvwlfv pxvw eh
odujhu +lq devroxwh ydoxh, wkdq wkh wdexodwhg fulwlfdo ydoxh wr uhmhfw wkh qxoo
k|srwkhvlv ri devhqfh ri frlqwhjudwlrq1
487 Hpslulfdo lqyhvwljdwlrq
714 Wkh gdwd
Zh lqfoxgh 9 Dvldq frxqwulhv lq rxu vdpsoh +Lqgld/ Lqgrqhvld/ Nruhd/
wkh Sklolsslqhv/ Vlqjdsruh dqg Wkdlodqg,1 Wkh fkrlfh ri frxqwulhv lv edvhg
rq gdwd dydlodelolw|1 Wkh hpslulfdo shulrg vwduwv lq 4<;6 dqg hqgv lq 4<<;/
fruuhvsrqglqj wr 48 revhuydwlrqv iru wkh wlph vhulhv glphqvlrq1 Wkh h￿hfwlyh
uhdo h{fkdqjh udwh +UHU, gdwd duh wdnhq iurp wkh Iuhqfk gdwdedvh ri wkh
FHSLL1 UHU lv gh￿qhg dv wkh udwlr ehwzhhq wkh grphvwlf sulfh lqgh{ dqg
wkh iruhljq sulfh rqh zlwk uhvshfw wr wkh XVD pxowlsolhg e| wkh qrplqdo
h{fkdqjh udwh +vr d UHU lqfuhdvh lqglfdwhv dq dssuhfldwlrq,1 Wkh dgghg
vhfwruldo ydoxh dqg hpsor|hphqw vhulhv duh wdnhq iurp wkh ￿Zruog Wdeoh￿ ri
￿ wkh Dvldq Edqn*v Nh| Lqglfdwruv ri Ghyhorslqj Dvldq dqg Sdfl￿f Frxq0
wulhv￿1 Wkh wudghg vhfwru lv frpsrvhg ri wkh ￿pdqxidfwxulqj￿ vhfwru dqg wkh
￿djulfxowxuh/ kxqwlqj/ iruhvwu| dqg ￿vklqj￿ vhfwru1 Wkh qrq0wudghg vhfwru
lv frpsrvhg ri wkh vhuylfh vhfwru +wudqvsruw/ vwrudjh dqg frppxqlfdwlrq/
￿qdqfh/ lqvxudqfh/ uhdo hvwdwh dqg exvlqhvv vhuylfhv,1 Wkh wudghg sulfh lq0
gh{ lv wkh dgghg ydoxh gh dwru ri hdfk vhfwru1 Dyhudjh surgxfwlylwlhv iru
wudgdeoh dqg qrq0wudgdeoh vhfwruv duh gh￿qhg dv wkh dgghg ydoxh ghylghg e|
hpsor|phqw1
49715 Xqlw0Urrw whvw uhvxowv
Zh vkdoo uhsruw lq wklv vxe0vhfwlrq wkh uhvxowv ri wzr nlqgv ri xqlw0urrw whvwv =
wkh frqyhqwlrqdo wlph vhulhv rqhv dqg wkh Lp/ Shvdudq dqg Vklq +LSV/ 4<<:,
sdqho gdwd rqhv1
Wkh dqdo|vlv ￿uvw vwhs lv vlpso| wr orrn dw wkh gdwd xqlyduldwh surshuwlhv
dqg wr ghwhuplqh wkhlu lqwhjudwhgqhvv ghjuhh1 Wkhruhwlfdoo| d surfhvv lv
hlwkhu L+3,/ L+4, ru L+5,1 Qhyhuwkhohvv lq sudfwlfh pdq| yduldeohv ru yduldeoh
frpelqdwlrqv duh erugholqh fdvhv/ vr wkdw glvwlqjxlvklqj ehwzhhq d vwurqjo|
dxwruhjuhvvlyh L+3, ru L+4, surfhvv +lqwhuhvw udwhv duh d w|slfdo h{dpsoh,/
ehwzhhq d vwurqjo| dxwruhjuhvvlyh L+4, ru L+5, surfhvv +qrplqdo sulfhv duh
d w|slfdo h{dpsoh, lv idu iurp ehlqj hdv|1 Zh kdyh wkhuhiruh dssolhg d
vhtxhqfh ri vwdqgdug wlph vhulhv xqlw urrw whvwv +Vfkplgw dqg Skloolsv whvw
+4<<5,/ Nzldwnrzvn|/ Skloolsv dqg Vklq whvw +NSVV, +4<<5, dqg wkh h!flhqw
xqlw0urrw whvwv vxjjhvwhg e| Hoolrww/ Urwkhqehuj dqg Vwrfn +4<<9, +zklfk zh
vkdoo uhihu wr khuhdiwhu dv wkh HUV whvw,,/ wr lqyhvwljdwh zklfk ri wkh L+3,/
L+4,/ L+5, dvvxpswlrq lv prvw olnho| wr krog1 Wkh uhvxowv ri wkhvh frqyhqwlrqdo
xqlw0urrw whvwv duh qrw uhsruwhg khuh wr vdyh vsdfh exw wkh| fdq hdvlo| eh
vxppdulvhg dv iroorzv vlqfh fohdu sdwwhuqv hphujh iurp wkhp51 Lqghhg/ wkh|
lqglfdwh wkdw wkh xqlw0urrw qxoo k|srwkhvlv fdqqrw eh uhmhfwhg dw wkh 8( ohyho
iru wkh wkuhh yduldeohv xqghu frqvlghudwlrq +UHU/ surgxfwlylw| gl￿huhqwldo
5Wkh uhvxowv ri wkhvh whvwv duh dydlodeoh xsrq uhtxhvw1
4:ehwzhhq wudgdeoh dqg qrq0wudgdeoh vhfwruv/ uhodwlyh sulfhv, dqg iru doo rxu
Dvldq frxqwulhv1 Zh kdyh dovr dssolhg wkrvh wkuhh whvwv rq wkh yduldeohv
wdnhq lq ￿uvw gl￿huhqfhv dqg zh ￿qg hylghqfh lq idyrxu ri wkh uhmhfwlrq ri
wkh qrq0vwdwlrqdu| k|srwkhvlv iru rxu wkuhh vhulhv1 Wklv ohdgv xv wr frqfoxgh
wkdw rxu vhulhv duh zhoo fkdudfwhulvhg dv dq L+4, surfhvv/ vrph zlwk qrq0}hur
guliw iru vrph frxqwulhv1
Dv idu dv wkh LSV +4<<:, sdqho gdwd xqlw0urrw whvw lv frqfhuqhg +zklfk
zh kdyh dsssolhg iru d prgho zlwk d frqvwdqw/ dqg iru erwk d frqvwdqw dqg
d wuhqg,/ lw lqglfdwhv wkdw iru doo 9 Dvldq frxqwulhv wkh xqlw0urrw k|srwkhvlv
fdqqrw eh uhmhfwhg iru doo vhulhv +vhh wdeoh 4 lq Dsshqgl{,1
716 Frlqwhjudwlrq whvw uhvxowv
Wkh iroorzlqj sdqho gdwd irupdolvdwlrq ri wkh Edodvvd0Vdpxhovrq*v iudph0
zrun suhvhqwhg lq vhfwlrq 5 lv idluo| vwudljkwiruzdug wr ghulyh1 Lqghhg/ xvlqj
suhylrxv qrwdwlrqv wkh orqj0uxq uhodwlrqvkls +fruuhvsrqglqj wr wkh EV k|0
srwkhvlv, wr eh whvwhg fdq eh zulwwhq dv =
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Dffruglqj wr EV suhglfwlrqv/ zh h{shfw ￿￿ wr eh srvlwlyh vlqfh dq lqfuhdvh
ri uhdo h{fkdqjh udwh lpsolhv dq dssuhfldwlrq1
Lq wkh vdph zd|/ li hpslulfdo hylghqfh grhvq*w vxssruw wkh EV k|srwkhvlv/
wkh wkuhh nh| dvvxpswlrqv +D￿/D 2/D ￿, wr eh whvwhg lq rughu wr lghqwli| wkh
4;uhdvrq +v, iru wklv uhmhfwlrq zulwh dv iroorzv =
D￿ =o r j + s￿|,@f￿￿ .￿￿￿ orj+￿e￿|@￿?￿|,.%￿￿| +46,
D2 =o r j + UHU￿|,@f2￿ .￿2￿orj+s￿|,.%2￿| +47,
D￿ = SA @ HSW
A +48,
Wkh uhvxowv ri wkh frlqwhjudwlrq dqdo|vlv duh uhsruwhg lq Dsshqgl{1 Zh
frqvlghu erwk wlph vhulhv frlqwhjudwlrq whvwv +vhh wdeoh 5, dv zhoo dv sdqho
frlqwhjudwlrq whvwv ghyhorshg e| Shgurql +5333, +vhh wdeoh 6,/ zlwk vdp0
soh vl}h fruuhfwlrqv iru vpdoo vdpsohv olnh rxuv1 Wdeoh 5 uhsruwv wkh uhvxowv
ri Mrkdqvhq*v ++4<;;,/ +4<<8,, frqyhqwlrqdo wlph vhulhv frlqwhjudwlrq whvwv1
Lw dsshduv wkdw iru 8 frxqwulhv rxw ri 9 +Lqgld/ Lqgrqhvld/ wkh Sklolsslqhv/
Vlqjdsruh dqg Wkdlodqg, wkh k|srwkhvlv ri wkh devhqfh ri frlqwhjudwlrq eh0
wzhhq uhdo h{fkdqjh udwh dqg surgxfwlylw| gl￿huhqwldo fdq eh uhmhfwhg dw d
8( ohyho ri vljql￿fdqfh1 Wkxv wkh ￿qglqjv ri frlqwhjudwlrq wlph vhulhv whvwv
duh frqvlvwhqw zlwk wkh EV k|srwkhvlv1
Wkh lpsohphqwdwlrq ri Shgurql*v uhfhqw sdqho gdwd frlqwhjudwlrq whvwv
+5333, ohdgv wr dq rssrvhg uhvxow vlqfh wkh wkhruhwlfdo orqj0uxq uhodwlrqvkls
4<ehwzhhq uhdo h{fkdqjh udwh dqg surgxfwlylw| gl￿huhqwldo lv qrz vwurqjo|
uhmhfwhg dw d 8( ohyho ri vljql￿fdqfh +vhh Wdeoh 6,1 Wklv uhvxow vkrzv wkh
vxshulrulw| ri sdqho gdwd frlqwhjudwlrq whvwv zklfk duh pruh srzhuixo wkdq
frqyhqwlrqdo wlph vhulhv rqhv dqg xqghuolqhv wkh qhfhvvlw| wr eh fdxwlrxv
zkhq lqwhusuhwlqj xvxdo wlph vhulhv whvw uhvxowv iru vdpsohv ri uhodwlyho|
prghudwh vl}h1Wkhvh uhvxowv vxjjhvw wkdw surgxfwlylw| gl￿huhqwldo grhvq*w
fruuhfwo| dffrxqw iru orqj0uxq uhdo h{fkdqjh udwh pryhphqwv iru rxu 9 Dvldq
hfrqrplhv1 Lq rughu wr vkhg vrph oljkw rq wkh ruljlq ri wkdw uhmhfwlrq ri
wkh EV k|srwkhvlv/ rxu qh{w wdvn lv wr h{dplqh vxffhvvlyho| hdfk wkuhh nh|
frpsrqhqw ri wklv k|srwkhvlv1
Wkh ￿uvw nh| frpsrqhqw ri wkh EV k|srwkhvlv +D￿, srvwxodwhv wkdw sur0
gxfwlylw| gl￿huhqwldo ehwzhhq wudgdeoh dqg qrq0wudgdeoh vhfwruv dqg uhodwlyh
sulfhv duh srvlwlyho| fruuhodwhg1 Hpslulfdo hylghqfh iurp Shgurql*v sdqho
frlqwhjudwlrq whvw +5333, uhsruwhg lq Wdeoh 6 uhmhfwv vwurqjo| wklv dvvxps0
w l r qd wd8(o h y h or iv l j q l ￿ f d q f hv l q f hz hz h u hq r wd e o hw rf r q ￿ u pw k h
h{lvwhqfh ri d vljql￿fdqw orqj0uxq uhodwlrqvkls ehwzhhq wkhvh wzr yduldeohv
+vhh Wdeoh 6,1
Wkhq/ zh lqyhvwljdwh wkh vhfrqg nh| frpsrqhqw ri wkh EV k|srwkhvlv/
wkdw lv wkdw uhdo h{fkdqjh udwh dqg uhodwlyh sulfhv ri qrq0wudghg jrrgv duh
srvlwlyho| fruuhodwhg1 Khuh zh duh deoh wr sxw lq hylghqfh d orqj0uxq vwd0
wlvwlfdo uhodwlrqvkls ehwzhhq wkhvh wzr yduldeohv iru doo Dvldq frxqwulhv +vhh
53Wdeoh 6,1
Ilqdoo|/ zh whvw wkh wklug nh| frpsrqhqw ri wkh EV k|srwkhvlv +D￿, l1h1
wkdw SSS krogv iru wudgdeoh jrrgv +zklfk lpsolhv wkdw wkh qrplqdo h{0
fkdqjh udwhv dqg SSS h{fkdqjh udwhv duh frlqwhjudwhg zlwk d frlqwhjudwlqj
vorsh ri 413,1 Zh lqyhvwljdwh xvlqj d w0whvw li wkh vorsh lq wkh frlqwhjudwlqj
uhodwlrqvkls lv htxdo wr 4/ dv suhglfwhg e| Edodvvd0Vdpxhovrq1 Wr jhw ur0
exvw uhvxowv dqg dyrlg zhoo0nqrzq vpdoo vdpsoh sureohpv/ zh hvwlpdwh rxu
orqj0uxq sdudphwhuv xvlqj vpdoo vdpsoh fruuhfwlrqv uhfhqwo| sursrvhg e|
Shgurql +5333,1 Wkh hpslulfdo uhvxowv +uhsruwhg lq Wdeoh 7, gr vxssruw wklv
xqlwdu| wkhruhwlfdo uhodwlrqvkls zklfk lv dffhswhg e| gdwd dw d 8 ( ohyho ri
vljql￿fdqfh/ wkh ixoo| prgl￿hg ROV vorsh hvwlpdwhv ehlqj rqo| ri 31:7 zlwk
d W0Udwlr ri 4199 iru wkh qxoo k|srwkhvlv wkdw ￿￿￿ @4 =31 Wklv ￿qglqj lv lq
dffrugdqfh zlwk wkh dffhswdqfh ri wkh vhfrqg frpsrqhqw whvwhg suhylrxvo|1
Wkxv/ wkh pdlq frqfoxvlrq zklfk hphujhv iurp wkh deryh dqdo|vlv lv wkdw
wkh idloxuh ri wkh EV k|srwkhvlv iru wkh frxqwulhv fdq eh dwwulexwhg wr wkh
uhmhfwlrq ri wkh ￿uvw nh| frpsrqhqw ri wklv k|srwkhvlv1 Lqghhg/ hpslulfdo
hylghqfh fohduo| lqglfdwhv wkdw surgxfwlylw| gl￿huhqwldo ehwzhhq wudgdeoh dqg
qrq0wudgdeoh vhfwruv dqg uhodwlyh sulfhv duh qrw frlqwhjudwhg1
548 Frqfoxvlrq
Vr/ gr Shgurql*v uhfhqw frlqwhjudwlrq whfkqltxhv +5333, zklfk hqdeoh wr
ghdo zlwk qrq0vwdwlrqdu| gdwd lq khwhurjhqhrxv sdqhov/ dv zhoo dv zlwk vpdoo
vdpsoh vl}h/ shuplw wr uhvfxh wkh Edodvvd0Vdpxhovrq k|srwkhvlv B
Wkh hylghqfh iurp d sdqho ri 9 Dvldq frxqwulhv uhyhdov wkdw wkhvh qhz phwk0
rgv gr pxfk ehwwhu wkdq xvxdo wlph vhulhv frlqwhjudwlrq rqhv +vhh Mrkdqvhq
+4<;;,/ +4<<8,,/ vlqfh xqolnh wkh odwwhu/ wkh| lqglfdwh wkh devhqfh ri d vljql￿0
fdqw frlqwhjudwlqj uhodwlrqvkls ehwzhhq uhdo h{fkdqjh udwh dqg surgxfwlylw|
gl￿huhqwldo1
Rqh srvvleoh uhdvrq lv wkdw wkh pdlq dvvxpswlrqv wkdw frpsulvh wkh
EV k|srwkhvlv duh qrw yhul￿hg1 Wkxv/ txhvwlrqlqj iru wkh uhdvrqv ri wklv
idloxuh ohg xv wr h{dplqh vhsdudwho| wkh ydolglw| ri hdfk ri wkh wkuhh nh|
frpsrqhqwv ri wkh EV k|srwkhvlv1 Wklv hpslulfdo dqdo|vlv lv ulfk ri whdfklqjv
dqg doorzv xv wr fohduo| lghqwli| zk| wklv wkhru| lv qrw frq￿uphg iru doo
Dvldq hfrqrplhv1 Zh ￿qg wkdw wkh uhmhfwlrq ri wkh EV k|srwkhvlv fdq eh
dffrxqwhg iru e| wkh uhmhfwlrq ri wkh h{shfwhg srvlwlyh orqj0uxq uhodwlrqvkls
ehwzhhq uhodwlyh sulfhv ri qrq0wudghg jrrgv dqg surgxfwlylw| gl￿huhqwldo1
D srvvleoh h{sodqdwlrq ri wkh EV hpslulfdo uhmhfwlrq pd| vlpso| eh wkdw
wkhuh duh dgglwlrqdo orqj0uxq uhdo h{fkdqjh ghwhuplqdqwv wkdw kdyh wr eh
frqvlghuhg1
55Dnqrzohgjhphqwv
Zh zrxog olnh wr wkdqn Shwhu Shgurql iru surylglqj xv zlwk vrph UDWV
frghv iru wkh frpsxwdwlrq ri wkh fulwlfdo ydoxhv/ pdnlqj wkh sdqho frlqwh0
judwlrq whvwv dydlodeoh lq wklv suhvhqw dqdo|vlv/ dv zhoo dv iru klv prgl￿hg
jurxs0ip surjudp iru vpdoo vdpsoh dgmxvwphqwv1
56Uhihuhqfhv
^4‘ Dvhd/ S1N1/ Phqgr}d H1 +4<<7,/ ￿Wkh Edodvvd0Vdpxhovrq Prgho = D
Jhqhudo Htxloleulxp Dssudlvdo￿/ Uhylhz ri Lqwhuqdwlrqdo Hfrqrplfv
yro 5/ ss =57709:1
^5‘ Edkpdql0Rvnrrhh/ P1/ ￿D Wlph0Vhulhv Dssurdfk wr Whvw wkh Surgxf0
wlylw| Eldv k|srwkhvlv lq Sxufkdvlqj Srzhu Sdulw|￿/ N|norv/ yro 78/ ss
55:0691
^6‘ Edkpdql0Rvnrrhh/ P1/ Ukhh M1K/ ￿Wlph0Vhulhv Vxssruw iru Edodvvd*v
Surgxfwlylw|0Eldv K|srwkhvlv= Hylghqfh iurp Nruhd￿/ Uhylhz ri Lqwhu0
qdwlrqdo Hfrqrplfv/ yro 7/ ss 69706:31
^7‘ Edodvvd/ E1+4<97,/ ￿Wkh sxufkdvlqj Srzhu Sdulw| grfwulqh = D uhds0
sudlvdo￿/ Wkh Mrxuqdo ri Srolwlfdo Hfrqrp|/ Yro1 :5= 8;708<91
^8‘ Edodvvd/ E1 +4<:6,/ ￿Mxvw krz plvohdglqj duh r!fldo h{fkdqjh udwh frq0
yhuvlrqv = D frpphqw￿/ Hfrqrplf Mrxuqdo/ Yro1 ;6= 458;0459:1
^9‘ Eolqghu P1/ Kvldr F1/ Shdvhudq P1K +4<<<,/ ￿ Olnholkrrg
edvhg lqihuhqfh iru sdqho yhfwru dxwruhjuhvvlrqv = whvwlqj iru
xqlw urrwv dqg frlqwhjudwlrq lq vkruw sdqhov￿/ grzordgdeoh dw
kwws=22zzz1hfrq1fdp1xn2idfxow|2shvdudq1
57^:‘ Fdq}rqhul P1/ Fxpe| U1/ Gled E1 +4<<<,/ ￿ Uhodwlyh oderu surgxfwlylw|
dqg wkh uhdo h{fkdqjh udwh lq wkh orqj uxq = hylghqfh iru d sdqho ri
RHFG frxqwulhv￿/ Mrxuqdo ri Lqwhuqdwlrqdo Hfrqrplfv/ yro 7:/ ss 5780
5991
^;‘ Frwwdql/ M1D1/ Fdydoor/ I1 dqg Nkdq Vkdked} +4<<3,/ ￿Uhdo H{fkdqjh
Udwh Ehkdylru dqg Hfrqrplf Shuirupdqfh lq OGFv￿/ Hfrqrplf Ghyho0
rsphqw dqg Fxowxudo Fkdqjh/ Yro16<=940:91
^<‘ Gh Juhjrulr M1/ Jlrydqqlql D1/ Zroi K1F +4<<7,/ ￿Lqwhuqdwlrqdo Hyl0
ghqfh rq Wudgdeohv dqg Qrq0Wudgdeohv Lq dwlrq￿/ Hxurshdq Hfrqrplf
Mrxuqdo/ yro 6;/ ss 4558045771
^43‘ GhOrdfk V1E+5334,/ ￿Pruh hylghqfh lqidyrxu ri wkh Edodvvd0Vdpxhovrq
k|srwkhvlv￿/ Uhylhz ri Lqwhuqdwlrqdo Hfrqrplfv/ yro </ ss 66906741
^44‘ Gulqh L1 dqg Udxow F1 +5335d,/ ￿Gr Sdqho Gdwd shuplwv wr uhvfxh wkh
Edodvvd0Vdpxhovrq K|srwkhvlv iru Odwlq Dphulfdq Frxqwulhv/￿Dssolhg
Hfrqrplfv/ +iruwkfrplqj,1
^45‘ Gulqh/ L1/ ￿jhuw E1/ Orppdw}vfk N1 dqg Udxow F1 +5335e,/ ￿Wkh
Edodvvd0Vdpxhovrq h￿hfw lq Fhqwudo dqg Hdvwhuq Hxursh= P|wk ru uhdo0
lw| B￿/ Zlooldp Gdylgvrq Lqvwlwxwh Zrunlqj Sdshu Vhulhv/5 3 3 5 /q ￿7;6/
Xqlyhuvlw| ri Plfkljdq Exvlqhvv Vfkrro/ XVD1 Wr eh uhylvhg iru Mrxuqdo
ri Frpsdudwlyh Hfrqrplfv1
58^46‘ Hoolrww J1/ Urwkhqehuj W1K/ Vwrfn M1K +4<<9,/ ￿H!flhqw whvwv iru dq
dxwruhjuhvvlyh xqlw urrw￿/ Hfrqrphwulfd/ yro 97/ ss ;460;691
^47‘ Hqjoh/ U1 dqg Judqjhu/ F1 +4<;:,/ ￿Frlqwhjudwlrq dqg Huuru Fruuhfwlrq
= Uhsuhvhqwdwlrq/ Hvwlpdwlrq/ dqg Whvwlqj￿ Hfrqrphwulfd/Y r o 18 8=
58:0:91
^48‘ Hqjho/ F1 +4<<8,/ ￿Dffrxqwlqj iru XV uhdo h{fkdqjh udwh fkdqjhv￿/
QEHU zrunlqj sdshu/ qr1 86<71
^49‘ Iohlvvlj/ D1 dqg Vwudxvv/ M1 +5333,/ ￿Sdqho xqlw urrw whvwv ri sxufkdvlqj
srzhu sdulw| iru sulfh lqglfhv￿ Mrxuqdo ri Lqwhuqdwlrqdo Prqh| dqg
Ildqfh/ Yro1 4< = 7;<08391
^4:‘ Lp N1/ Shvdudq K1/ Vklq \1 +4<<:,/ ￿Whvwlqj iru xqlw urrwv lq khwhurjh0
qhrxv sdqhov￿/ Glvfxvvlrq Sdshu/ Xqlyhuvlw| ri Fdpeulgjh/ Mxqh1
^4;‘ Lwr W1/ Lvdug S1/ dqg V|pdqvn| V1 +4<<:,/ ￿Hfrqrplf jurzwk dqg uhdo
h{fkdqjh udwh = dq Ryhuylhz ri wkh Edodvvd0Vdpxhovrq k|srwkhvlv lq
Dvld￿/ QEHU Zrunlqj Sdshu 8<:<1
^4<‘ Mrkdqvhq V1 +4<;;,/ ￿Vwdwlvwlfdo dqdo|vlv ri frlqwhjudwlrq yhfwruv￿/ Mrxu0
qdo ri Hfrqrplf G|qdplfv dqg Frqwuro/ yro 45/ ss 56405871
59^53‘ Mrkdqvhq/ V1 +4<<8,/ ￿Olnholkrrg0Edvhg Lqihuhqfhv lq Frlqwhjudwlrq Yhf0
wru Dxwruhjuhvvlyh Prghov￿/ Dgydqfhg Wh{wv lq Hfrqrphwulfv/ 59:s1
R{irug dqg Qhz \run = R{irug Xqlyhuvlw| Suhvv1
^54‘ Nzldwrzvnl/ Skloolsv/ Vfkplgw ) Vklq +4<<5,/ ￿Whvwlqj wkh Qxoo K|0
srwkhvlv ri Vwdwlrqdulw| Djdlqvw wkh Dowhuqdwlyh ri d Xqlw Urrw= Krz
Vxuh Duh Zh Wkdw Hfrqrplf Wlph Vhulhv Kdyh d Xqlw Urrw B￿/ Mrxuqdo
ri Hfrqrphwulfv/ Yro1 87= 48<04:;1
^55‘ Ohylq dqg Olq +4<<6,/ ￿Xqlw urrw whvwv lq sdqho gdwd/ dv|pswrwlf dqg
￿qlwh vdpsoh surshuwlhv￿/ X1F1 Vdq Glhjr Zrunlqj sdshu1
^56‘ Revwihog P1/ Wd|oru D +4<<9,/ ￿ Lqwhuqdwlrqdo fdslwdo0pdunhw lqwh0
judwlrq ryhu wkh orqj uxq = wkh juhdw ghsuhvvlrq dv d zdwhuvkhg￿/
pdqxvfulsw/ X1F1 Ehunhoh|1
^57‘ Revwihog/ N1 dqg Urjr￿/ S1 +4<<9,/ ￿Irxqgdwlrq ri Lqwhuqdwlrqdo
Pdfurhfrqrplfv￿1 Fdpeulgjh/ Pdvv = Plw Suhvv1
^58‘ Sdsshoo/ G1 dqg Foxyhu/ V1 +4<<:,/ ￿ Lv wkhuh d Xqlw Urrw lq wkh Lq d0
wlrq UdwhB Hylghqfh iurp Vhtxhqwldo Euhdn dqg Sdqho Gdwd Prghov￿
Mrxuqdo ri Dssolhg Hfrqrphwulfv/ Yro1 45 = 7680771
^59‘ Sdulnk/ D1 dqg Zdonhuo|/ H1 +5333,/ ￿Uhdo H{fkdqjh Udwhv dqg Xqlw
Urrw Whvwv￿ Zhowzluwfkdiwolfkhv Dufkly/ Yro1 yro 469 +6, = 7:;07<31
5:^5:‘ Shgurql/ S1 +4<<9,/ ￿Ixoo| prgl￿hg ROV iru khwhurjhqhrxv frlqwhjudwhg
sdqhov dqg wkh fdvh ri Sxufkdvlqj Srzhu Sdulw|￿/ Lqgldqd Xqlyhuvlw|
Zrunlqj Sdshu lq Hfrqrplfv/ qr1 <903531 Mxqh1
^5;‘ Shgurql/ S1+4<<:,/ ￿Sdqho frlqwhjudwlrq = dv|pswrwlf dqg ￿qlwh vdp0
soh surshuwlhv ri srrohg wlph vhulhv whvwv zlwk dq dssolfdwlrq wr wkh
SSS k|srwkhvlv = Qhz uhvxowv￿/ Lqgldqd Xqlyhuvlw| Zrunlqj Sdshu lq
Hfrqrplfv/ Dsulo1
^5<‘ Shgurql/ S1 +4<<<,/ ￿Fulwlfdo ydoxhv iru frlqwhjudwlqj whvwv lq khwhurjh0
qhrxv sdqhov zlwk pxowlsoh uhjuhvvruv￿/ R{irug Exoohwlq ri Hfrqrplfv
dqg Vwdwlvwlfv1
^63‘ Shgurql/ S1 +5333, ￿Ixoo| Prgl￿hg ROV iru Khwhurjhqhrxv Frlqwhjudwhg
Sdqhov/￿ Dgydqfhv lq Hfrqrphwulfv/ Yro1 48/ iruwkfrplqj1
^64‘ Txdk G1 +4<<7,/ ￿H{sorlwlqj Furvv Vhfwlrq yduldwlrqv iru xqlw urrw lq0
ihuhqfh lq g|qdplf gdwd￿/ Hfrqrplfv Ohwwhuv/q ￿77/ ss <04<1
^65‘ Urogrv/ M1 H1 +4<<8,/ ￿Vxsso|0Vlgh H￿hfwv ri Glvlq dwlrq surjudpv￿
LPI Zrunlqj Sdshu/ ZS2<72;71
^66‘ Urjr￿/ N1/ ￿Wudghg Jrrgv Frqvxpswlrq Vprrwklqj dqg wkh Udqgrp
Zdon Ehkdylru ri wkh Uhdo H{fkdqjh Udwh￿/ Edqn ri Mdsdq Prqhwdu|
dqg Hfrqrplf Vwxglhv/ yro 43/ ss 405<1
5;^67‘ Vdpxhovrq/ S1D1/ ￿Wkhruhwlfdo Qrwhv rq Wudgh Sureohpv￿/ Uhylhz ri
Hfrqrplfv dqg Vwdwlvwlfv/ yro 79/ ss 6680791
^68‘ Wd|oru +4<<9,/ ￿ Lqwhuqdwlrqdo fdslwdo prelolw| lq klvwru| = sxufkdvlqj
srzhu sdulw| lq wkh orqj0uxq￿/ pdqxvfulsw/ Qruwkzhvwhuq Xqlyhuvlw|1
5<30
Appendix : Unit-root and cointegration test results for 6 Asian Countries
Table I. Panel Unit Root tests (ADF test statistics)
(Im, Pesaran and Shin (1997))
Real exchange rate Ln (TCR)
Level First difference
Constant
1 Constant and trend 
2
Constant Constant and trend
-1.44 -0,19 -44,09 -62,20
Productivity differential Ln (Pmn)
Level First difference
Constant Constant and trend Constant Constant and trend
-1,37 1,07 -56,69 -66,68
Relative Prices ln (Ptn)
Level First difference
Constant Constant and trend Constant Constant and trend
-1,27 -1,43 -26,45 -34,28
Table II. Conventional cointegration tests (Johansen (1995))
Test of the Balassa-Samuleson hypothesis i.e the existence of a long-run relationship between Real exchange
rate and Productivity differential
L_max Trace
Number of
cointegrating
H0 0 1 0 1 relationships
India 14.571
3 3.321
4 17.89
5 3.321
6 1
Indonesia 14.341 3.711 17.051 3.711 1
Korea, 6.106 0.570 6.677 0.570 0
The Philippines 16.581 3.257 16.841 3.257 1
Singapore 15.322 3.719 15.541 3.719 1
Thailand 17.106 3.570 6.677 3.570 1
                                                          
1 The critical value at a 5% level is –1.65.
2 The critical value at a 5% level is –1.65.
3 The critical value at a 10% level is 14.1.
4 The critical value at a 10% level is 3.8.
5 The critical value at a 10% level is 15.4.
6 The critical value at a 10% level is 3.8.31
Table III : Panel Cointegration tests (Pedroni (1996, 2000))
7
Test statistics
8 6 countries, 2 variables
ln (TCR), ln (Pmn)
6 countries, 2 variables
ln (Ptn), ln (Pmn)
6 countries, 2 variables
ln (TCR), ln (Ptn)
panel v-stat 1.22294 0.55707 -0.77056
panel rho-stat -0.3084 -0.35934 1.26434
panel pp-stat -0.92083 -1.35555 1.38549
panel adf-stat -1.05016 -1.23938 1.78278
group rho-stat 0.16321 0.76197 1.84372
group pp-stat -0.90071 -0.78468 1.60162
group adf-stat -0.6258 -0.64517 1.78788
Note : In the Pedroni-Rats code a value of 2 is chosen for the m lag option, but the conclusions concerning the acceptance/ rejection of
the null hypothesis of no cointegration are not sensitive to the value of the lag truncation (m lag = 1, 2, 3).
 Table IV. Panel test for PPP in tradable sector for 6 Asian countries Pedroni (2000)
Cointegrating
coefficient t-stat
India 0.69 -1.38
Indonesia 0.98 -0.15
Korea 1.68 -1.59
The Philippines 0.86 -2.35
Singapore 0.99 -1.60
Thailand 0.62 -1.38
Average Coefficient 0.74 1.66
9
                                                          
7 It is important here to stress that the rejection of the panel null hypothesis of no cointegration for a set of
countries means that there exist a cointegrating relationship for each country of the panel (cf. Pedroni). Let us
give a simple example to illustrate this.
Imagine that each member of the panel represents a draw from an underlying population. The panel in this case
simply represents a repeated sampling, N times, from an underlying population. In this case, the population DGP
either is cointegrated or is not cointegrated. As you increase the number of individuals of the panel, you are
simply accumulating information regarding whether or not the population DGP is cointegrated or is not
cointegrated. In this case, the proper interpretation of the panel test is :
Null hypothesis: The DGP is not cointegrated, Alternative hypothesis : The DGP is cointegrated
This translates, for the panel, into the statement : Null hypothesis : No individuals are cointegrated, Alternative
hypothesis : All individuals are cointegrated. Under this interpretation, there is no such thing as one individual
being cointegrated and the others not being cointegrated. The appearance of possible contradictions based on
individual tests is simply a consequence of sampling error in the estimator, not differences in the truth regarding
cointegration.
This interpretation is useful in practice when you have a theory that says, if the theory is correct as a general
description of the way the world works, then two variables should be cointegrated, regardless of which country
the variables come from.
8 Pedroni (1996 and 2000) derived the asymptotic distributions and explored the small sample performances of
seven different statistics to test cointegration on panel data. Of these seven statistics, four are based on pooling
along, what is often referred to as the Within dimension and the last three ones are based on the Between
dimension. These different statistics are based on a model that assumes that cointegration relationships are
heterogeneous between individual members (See Pedroni for further details).
The critical value at a 5% level is –1.65. The calculated test statistics must be larger (in absolute) value than the
tabulated critical value to reject the null hypothesis of absence of cointegration.
9 T-stats are for the null hypothesis that the estimated coefficient is equal to 1. 
 
DAVIDSON INSTITUTE WORKING PAPER SERIES - Most Recent Papers 
The entire Working Paper Series may be downloaded free of charge at: www.wdi.bus.umich.edu 
 
CURRENT AS OF 9/30/02 
Publication Authors  Date 
No. 504: Does the Balassa-Samuelson Hypothesis Hold for Asian 
Countries?  An Empirical Analysis using Panel Data Cointegration Tests 
Imed Drine and Christophe Rault  Sep. 2002 
No. 503: Job Growth in Early Transition: Comparing Two Paths  Štĕpán Jurajda and Katherine 
Terrell 
Aug. 2002 
No. 502: Job Creation, Destruction and Transition in Poland, 1988-
1998: Panel Evidence 
John E. Jackson and Bogdan 
Mach 
June 2002 
No. 501: Competition, Innovation and Growth in Transition: Exploring 
the Interactions between Policies 
Philippe Aghion, Wendy Carlin 
and Mark Schaffer 
Mar. 2002 
No. 500: Women in the LAC Labor Market: The Remarkable 1990’s  Suzanne Duryea, Alejandra Cox 
Edwards and Manuelita Ureta 
June 2001 
No. 499: Human Capital, Growth and Inequality in Transition 
Economies 
Michael Spagat  July 2002 
No. 498: Understanding Czech Long-Term Unemployment  Štěpán Jurajda and Daniel 
Münich 
Aug. 2002 
No. 497: Rent Seeking and Government Ownership of Firms: An 
Application to China’s Township-Village Enterprises 
Jiahua Che  Sep. 2002 
No. 496: Labor Market Flexibility in Central and East Europe  Jan Svejnar  Aug. 2002 
No. 495: When Information Dominates Comparison: A Panel Data 
Analysis Using Russian Subjective Data 
Claudia Senik  May 2002 
No. 494: Corruption and Cross-Border Investment: Firm Level Evidence  Beata K. Smarzynska and Shang-
Jin Wei 
Aug. 2002 
No. 493: Modeling Sequences of Long Memory Positive Weakly 
Stationary Random Variables 
Dmitri Koulikov  Aug. 2002 
No. 492: Effects of Ownership and Financial Status on Corporate 
Environmental Performance 
Dietrich Earnhart and Lubomír 
Lízal 
Aug. 2002 
No. 491: Does Economic Uncertainty Have an Impact on Decisions to 
Bear Children?  Evidence from Eastern Germany 
Sumon Kumar Bhaumik and 
Jeffrey B. Nugent 
July 2002 
No. 490: The Reallocation of Workers and Jobs in Russian Industry: 
New Evidence on Measures and Determinants 
J. David Brown and John S. Earle  Aug. 2002 
No. 489: The Incidence and Cost of Job Loss in a Transition Economy: 
Displaced Workers in Estonia, 1989-1999 
Hartmut Lehmann, Kaia Phillips 
and Jonathan Wadsworth 
Aug. 2002 
No. 488: Integration: An Empirical Assessment of Russia  Daniel Berkowitz and David N. 
DeJong 
Feb. 2002 
No. 487: Dual Inflation under the Currency Board: The challenges of 
Bulgarian EU accession 
Nikolay Nenovsky and Kalina 
Dimitrova 
July 2002 
No. 486: Worker Flows, Job Flows and Firm Wage Policies: 
An Analysis of Slovenia 
John Haltiwanger and Milan 
Vodopivec 
July 2002 
No. 485: Do Schumpeterian Waves of Creative Destruction Lead to 
Higher Productivity?  Panel Data Evidence from Poland 
Frederic Warzynski  July 2002 
No. 484: Labor Market Institutions and Restructuring: Evidence from 
Regulated and Unregulated Labor Markets in Brazil 
Jasper Hoek  July 2002 
No. 483: The Balassa-Samuelson effect in Central and Eastern Europe: 
Myth or reality? 
Balázs Égert, Imed Drine, Kirsten 
Lommatzsch and Christophe 
Rault 
July 2002 
No. 482: Real Exchange Rates in Transition Economies  Boštjan Jazbec  July 2002 
No. 481: Labor Force Participation Dynamics in the Romanian Labor 
Market 
Alexandru Voicu  July 2002 
No. 480: Equilibrium Real Exchange Rates in Central Europe’s 
Transition Economies: Knocking on Heaven’s Door 
Balázs Égert  July 2002 
No. 479: The Impact of Minimum Wages on Wage Inequality and 
Employment in the Formal and Informal Sector in Costa Rica 
Fatma El-Hamidi and Katherine 
Terrell 
Apr. 2001 
 